A dot immunobinding assay (DIA) was developed for the detection of antibody against bovid herpesvirus-4 (BHV-4) in bovine sera. A semipurified virus preparation was used as the antigen and an antispecies horseradish peroxidase-labeled IgG and diaminobenzidine were employed as the detection system. The sensitivity and specificity of the DIA were similar to those of indirect fluorescent antibody test, indicating the suitability of DIA as a rapid field test for the detection of anti-BHV-4 antibodies in cattle.
Materials and methods
viral antigens. The DN-599 isolate" of BHV-4 was propagated in Madin-Darby bovine kidney (MDBK) cell line using Eagle's minimum essential medium b containing 8% fetal bovine serum and antibiotics. After the appearance of 90% CPE, the cells were scraped and then pelleted at 1,000 x g for 20 min. The pellet was sonicated for 15 sec with a 20-kHz microprobe at 75 watts of power and clarified by centrifugation at 1,000 x g for 20 min. The supernatant was centrifuged for 2 hr at 44,000 x g. d The virus pellet was resuspended in 0.1% bovine serum albumin in Tris-buffer saline ( 10 mM Tris, 150 mM NaCl, pH 7.6) . Uninfected cell cultures were processed in a similar manner for use as uninfected controls. Viral and control antigens were stored at -70 c.
Antisera. Known BHV-4-positive (polyclonal) and BHV-4-negative sera were obtained. a The anti-BHV-4 titer was determined by IFAT. 11, 14 Sera from 3 herds of cows were tested to compare the sensitivity of IFAT and DIA. These sera had been submitted to the Minnesota Veterinary Diagnostic Laboratory for the detection of BHV-4 and/or bovid herpesvirus-l (BHV-1) antibody titers and had been stored at -20 C for up to 3 wk.
Virus assay. The infectivity of the virus stock was assayed in 96-well flat bottom microtiter plates" using the bovine turbinate (BT) cells. The virus titer was calculated by the method of Reed and Muench 13 and was expressed as TCID 50 .
Dot immunobinding assay (DIA). The DIA was a modification of the previously described procedures. 4, 6 Plain white 0.45-µm-pore-size nitrocellulose sheets f were cut into strips of 4 x 0.5 cm and marked with lead pencil for the orientation of the antigen dots. Two-microliter samples of virus and MDBK cell control antigen were dotted on each strip at 1 -cm intervals and were allowed to dry at room temperature. Unreacted protein-binding sites were blocked by immersing and rocking the strips in 1% gelatin in Tris-buffer saline (TBS) for 90 min, followed by washing in plain TBS for 5 min. The nitrocellulose strips were either used immediately or dried and stored at 4 C for future use.
The nitrocellulose strips were placed in test sera diluted 1:20 in TBS with 10% horse serum for 90 min at room temperature on a shaker. Positive and negative serum con- Table 1 . Comparison between indirect fluorescent antibody test (IFAT) and dot immunobinding assay (DIA) for the detection of bovid herpesvirus-antibody. trols were included. After washing 4 times in TBS, agitating for 5 min in the last wash, the strip was submerged in rabbit anti-bovine IgG conjugated with horseradish peroxidase g diluted 1:2,000 in TBS.
After 90 min at room temperature, the strips were washed again in the manner described above and were developed in 50 mM TBS containing 0.15% diaminobenzidine, 0.04% NiCl 2 , and 0.02% H 2 O 2 . The reaction was allowed to proceed for 15 min. The strips were washed in tap water and air dried before visual interpretation of the results. In positive samples, the site of antigen-antibody complex turned slate black. The sensitivity of DIA was compared with that of IFAT by simultaneously testing sera from 3 herds of cows for BHV-4 antibodies. Known positive antisera against BHV-1, bovid herpesvirus-2 (BHV-2), and bovine viral diarrhea virus (BVDV) were also used to determine the specificity of the DIA.
Indirect fluorescent antibody test. The procedure for the IFAT was essentially the same as previously described. 11 Bovine turbinate cells were propagated in multiwell HTC-Teflon-coated slides. h Following infection with BHV-4, the cells were fixed in acetone. Thirty microliters of a 1:20 dilution of test serum was added to the infected cells, followed by incubation for 30 min in a humid chamber. The slides were washed with 0.01 M phosphate-buffered saline (PBS) (pH 7.2) followed by incubating with fluorescein-conjugated rabbit anti-bovine IgG g for 30 min. After washing with PBS (pH 8.5), the slides were counterstained with 1% Evan's blue, mounted in borate-buffered glycerine, and examined by fluorescence microscopy.
Results
Of the 87 cattle sera tested, 45 were positive by IFAT for BHV-4 antibodies at titers of ≥1:20. All IFATpositive sera were found to be positive by DIA (Table  1) . Of the 42 sera negative by IFAT, 15 were found to be positive by DIA. No IFAT-positive serum was negative by DIA. The relative sensitivity and specificity of IFAT were 75% and 100%, repectively (Table I) .
The overall agreement between the 2 tests was 83%. To assess the specificity of DIA, BHV-1, BHV-2, and BVDV antisera were tested against BHV-4 antigen, all with negative results.
Enzyme immunoassays generally use serum dilutions of 150-l:100 for screening assays to eliminate nonspecific reactions seen in lower dilutions. Sera used in both IFAT and DIA were diluted to 1:20 for screening purposes. Endpoint titration of these sera indicated that the sensitivity of DIA was approximately 4-fold greater than that of the IFAT (Table 2 ). There seemed to be some correlation between IFAT and DIA titers, i.e., high IFAT titers tended to give higher DIA titers. Although the DIA was not standardized for the detection of viral antigens, as little as 10 4 TCID 50 , of BHV-4 virus was detected by using hyperimmune polyclonal BHV-4 serum.
Discussion
Nitrocellulose membranes have a strong proteinbinding capacity and have been used for immunoblotting of proteins. 11 Coupled with ELISA, nitrocellulose has been used successfully to develop DIA for the detection of various viral antibody/antigen systems. 1, 7 The extremely low concentrations of neutralizing antibody in BHV-4 infections and the lengthy and sophisticated equipment-dependent protocols of standard ELISA and IFAT have encouraged us to develop DIA for the rapid detection of BHV-4 antibodies. This protocol can be easily adapted under field conditions for the rapid detection of antibodies. The test can be completed in 3-5 hours and allows testing of 1 or more sera at one time. The test may also be used for the selection of appropriate hybridomas when preparing BHV-4 monoclonal antibody.
DIA was more sensitive than IFAT (Table 1) . Higher sensitivity of DIA as compared to haemagglutination inhibition, serum neutralization, and IFAT has been previously reported in studies with other viruses. l, 7, 8 As virus-neutralizing antibodies are not consistently detectable in BHV-4 infections, 2,10 we could only compare DIA results to those of IFAT, which is widely used for the detection of BHV-4 antibodies. A relatively crude virus preparation was used in the development of the DIA. The use of purified virus preparation would probably provide more specificity but may result in decreased sensitivity because of the failure to detect pertinent antibodies against specific purified viral antigens. Relatively higher antibody titers obtained by DIA and higher numbers of samples positive by DIA indicate that the DIA may detect antibodies to a broader spectrum of virion antigens, some of which may not be detected by IFAT.
In this study, the binding properties of nitrocellulose membrane were utilized for the immobilization of virus antigens from crude cell culture preparations and their subsequent detection by immuno-enzymatic means. Successful use of this relatively crude preparation indicates the potential use of this test in the field. Preliminary studies indicated that as little as 6 µg of the crude virus preparation (equivalent to l0 4 infectious particles) could be detected by DIA (data not shown), indicating that DIA can be used for the detection of BHV-4 antigen directly in clinical specimens, such as nasal and uterine discharges. The use of monoclonal antibodies may further improve the specificity, and perhaps the sensitivity, of the DIA. If sensitivity appears to be a problem in antigen detection, repeated application and drying or filtration of the clinical specimen through nitrocellulose membranes may be needed. A similar approach has been used in the past for the detection of influenza virus. 3 At this stage, however, the usefulness of DIA is primarily for the detection of BHV-4 antibodies. This is because BHV-4 is a highly cell-associated cytomegalovirus 9 and would require freeze-thawing or ultrasonication to release the virions, which is not practical under field conditions. Of practical importance is the stability of viral antigens after drying on the nitrocellulose membrane. Dry strips stored in plastic bags at refrigerator temperature up to 1 month showed no significant loss of activity, indicating their utility for field studies (data not shown). Furthermore, the interpretation of the test was visual, and we had no difficulty in detecting positive and negative reactions. Although a densitometer has been used to record the results, 3 utility of DIA as a routine field test would need a simple interpretation method, such as visual reading. Also, the use of a densitometer may make the test more objective but will not enhance the results obtained for routine screening purposes. 7 
